Relationships among 14 Crocus L. taxa such as, C. ancyrensis (Herbert) 
Introduction
lateral arms. Moreover, some researchers found that the anatomic characters of leaves are important taxonomically (Rudall and Mathew 1990 , Kandemir 2009 , 2010 . Ekim et al. (2000) placed these taxa into endangered categories Lc (least concern, C. ancyrensis, ssp. isauricus, ssp. nubigena and ssp. pseudonubigena, ssp. cancellatus), nt (near threatened, ssp. lycius) and VU (vulnerable, ssp. crewei, ssp. pamphylicus, C. pestalozzae, ssp. hittiticus, C. sieheanus and C. baytopiorum) .
The aim of this paper, is to determine the degree of relationship among 14 Crocus taxa and based on the leaf anatomic characters by statistical methods, and to determine the intra and interspecific variations.
Materials and Methods
The taxa in this study were collected from two different locations of Turkey in spring and autumn between 2008 and 2010 and sampling locations are given in Table 1 . Taxonomic description of the taxa were made according to Mathew (1984) . For anatomical studies, fresh plant samples were preserved in 70% alcohol solution. Parafin method was used for preparing cross sections of the leaf parts (Algan 1981) . The cross section of the plant samples collected from two different localities were taken by microtome and the anatomical measurements were made. The binocular microscope with drawing tube was used for drawings (samples). For the stasistical analysis, 11 characters of the leaves were used. The importance of difference between the leaf anatomic measurements of taxa at different altitudes and similarities were evaluated by using ttest. Mean and standard deviation values of the leaf anatomic measuments of taxa are given in Tables 2 and 3 .
Results and Discussion
Generally, the leaves of Crocus taxa consisted of two lateral arms triangular (ssp. isauricus, ssp. nubigena, ssp. pseudonubigena, ssp. cancellatus, ssp. pamphylicus, C. pestalozzae and C. sieheanus) (Fig. 1d-g , k, l and n) or rectangular (C. ancyrensis, C. baytopiorum, ssp. crewei, ssp. damascenus, ssp. mazziaricus, ssp. lycius, and ssp. hittiticus) (Fig. 1a-c They show considerable variation in morphologic characters, since C. biflorus and C. cancellatus are complex and wide geographically distributed taxa. Thus, there are problems in taxonomic of these two taxa. Although there is high homoplosy between both morphologic and anatomic characters, leaf anatomy provides some significant data for Iridaceae, especially at the tribus levels (Rudall 1994) . Moreover, anatomical and palynological data can be used to infer phylogenetic relations among the Crocus taxa (Almida et al. 2009 ). While the ssp. maziaricus, ssp. lycius and ssp. damascenus, ssp. cancellatus as morphologic are closer to each other, the ssp. pamphyllicus is a different subspecies. According to the general leaf anatomy, it is seen that ssp. pamphylicus and ssp. cancellatus are similar to each other and ssp. maziaricus and ssp. lycius are also similar (Kandemir et al. 2011) . Statistically, we have found that there are differences and similarities among subspecies of C. cancellatus respect to the leaf anatomic characters. But, ssp. damascenus are significantly different from other subspecies of C. cancellatus relating to the general leaf anatomy. It is concluded that there are similarities in anatomic characters of ssp. damascenus and C. pallasi ssp. turcicus by Akan and Eker (2004) . However, the vascular bundles of ssp. damascenus are more abundant and regular. In this study, it is also seen that this subspecies is similar to C. pallasi ssp. turcicus. The two subspecies are relatively isolated taxonomically. It is considered that these the two subspecies are closely related.
On the other hand, although there are anatomic and morphologic differences between the subspecies of C. biflorus, it is seen that ssp. isauricus, ssp. crewei and ssp. nubigena (except ssp. pseudonubigena) are closer subspecies to each other relating to leaf anatomic characters. According to the statistical results, there are important correlations among ssp. crewei, ssp. isauricus and ssp. nubigena which are subspecies of C. biflorus at the level of p > 0.05 (Table 3) . This similar phenomenon has been found in polen morphology of subspecies of C. biflorus (except ssp. nubigena) by Işık and Dönmez (2006) . Despite the ssp. pseudonubigena is a subspecies of C. biflorus and ssp. cancellatus is a subspecies of C. cancellatus, they are close subspecies to each other according to their leaf anatomic structure. These similarities between two subspecies are (Table 3 , p > 0.05). Also, the soil analysis results of ssp. pseudonubigena showed a different subspecies of C. biflorus (Kandemir et al. 2011 3-6, 4-6, 5-6, 7-8, 8-9, 8-10 and 8-11 taxa at levels of 0.05 and 0.01. The reason of these differences may be caused the distribution of these taxa at different ecological conditions. On the other hand, there are no statistically important differences among 3-4, 3-5, 4-5, 3-12, 1-13, 1-14, 6-7, 6-8, 7-11, 9-10 and 13-14 taxa (Table 3 , p > 0.05). Also, ssp. crewei and C. pestalozzae, C. ancyrensis and C. sieheanus, C. ancyrensis and ssp. hittiticus, C. sieheanus and ssp. hittiticus are closer to each other based on leaf anatomic characters (Table 3 , p > 0.05). The similarities between these taxa may be originated from their distribution at similar ecologic conditions. When the altitude increases, in the leaf anatomic measurements (specially, palisade parenchyma beadth and length, cuticle thickness and trachea diameter) of taxa are seen increased. But, in measurements of breadth and length of spongy parenchyma are seen decreased ( Table 2) .
As a general, there have found to have differences among the taxa in leaf anatomic characters such as the layer number and structure of mesophyll, shape of the epidermis cells, whether they have sinuous on epiderma, shape and base structure of keel, whether they have sclerenchyma in vascular bundles, number and the status of vascular bundles and protrusions number in arms. It appeared that the leaf characters mentioned may be used as important taxonomic characters of Crocus taxa. It is determined that palisade and spongy parenchyma length-breadth, trachea diameter and cuticle thickness are the best characters which represent the anatomic variations between these taxa relating to altitude (Table 2 ). There may be a xeromorphic adaptation, because, some taxa have sunkened stomata and triangular keel structure. In other anatomic characters considerable variations were not found.
